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Previous research has shown a relationship between 
formal reasoning ability and science process skill attainment. It has 
been hypothesized that an increased emphasis on teaching process 
skills might enhance the formal thinking abilities of students. A 
variety of strategies have been proposed to better accomplish this 
task, most notable, the learning cycle approach. There has been 
little research in science education on the use of modeling 
strategies for promoting process development and/or logical thinking. 
This paper deals with the overall relationship of Piagetian theory to 
science process development and with strategies for promoting more 
effective learning, teaching, eUid assessment of science process 
skills and/or logical thinking. The purpose of this study was to 
determine which of two teaching strategies would promote higher 
achievement of integrated process skills with urban middle school 
students. Furthermore, growth in the logical thinking of students was 
also ineasured. The two teaching strategies tried were a systematic 
modeling approach cind the learning cycle approach. Students of both 
the modeling teachers and the learning cycle teachers outperformed 
those of a nonequivalent control group on integrated process skills. 
Modeling was found to be significantly superior to the learning cycle 
for promoting this achievement. (MVL) 
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Introduction 



Ihe use of science process skills in problem solving is an 
important approach advocated bv the National Science Teachers 
Association (1971). The scientific approach to problem solving is 
based on de-fining a problem, suggesting possible solutions to the 
proDlem and then testing to determine whether the solution 
Suggested is correct. It is hoped that individuals proficient in 
these science process skills will not only make better scientists, 
but also better citizens, able to question the technological 
events of their world. 

Certain basic and integrated science process skills have been 
agreed upon as essential goals in science education (Gagne', 1965; 
NSTA, 1983). The basic skills are observing, inferring, 
measuring, communicating, classifying and predicting. The 
integrated process skills include the ability to make hypotheses. 
Identity and control variaoies, define operationally, interpret 
data and e>:oeriment (AAAS, 1967). Research h s reported a strono 
relationship between these science process sK i 1 1 s ana an 
individual s formal reasoninq abiiitv (Todin &< Capie, 198?). It 
has not been determined wnetner or not this is a causal 
relationship. 

r^ltnouQh many elementary ana secondary science curricul ar 
materials place a strong emphasis on developing integrated science 
process skills, the majority of students in grades b-8 are still 
unable to use these processes (Tobir i< Capie, ivQU) . rtany 
students also tail to demonstrate formal reasoninq ability, even 



by the tiiiHi th»y rMch allege ag« (Chiappetta, 1976). 

This lack success in promoting integrated science process 

skills and formal reasoning ability in students may be a -function 

of how process skills have been presented and developed by 

teachers. Often, process skills are taught by presenting students 

with a series of probing questions designed to lead them 

successfully through a given process. This is really an 
ft 

interrogation approach to teaching, and perhaps an approach better 
suited for evaluation than for the development of new skills. 

Educators have also used a discovery and/or inquiry approach 
to science education (Trowbridge and Bybee, 1986). These methods 
are used in an attempt to teach the processes of science by giving 
students the opportunity to perform activities requiring the use 
of process skills. Since many students do not have master v of the 
skills required for discovery and inquiry, they may go through the 
motions of the activity without enqaqinq in the desired mental 
tas^ s. 

In this studv it was assumed that a student lacking skills in 
science processes would not De able to respond successful Iv to 
activities or questions requiring the application of integrated 
science process skills. Before students are asked to practice 
Process skills, and before questions are used for evaluation, 
students must be given the opportunity to develop these skills. 

Modeling strategies have been used m various content areas 
to promote tnis type of process skill development. In modeling, 
one focuses attention on the orocess being taught* and in this 
manner the learner is provided^ wi th concrete sets of observable 



operations tisd to abstract principlss. Educators spscializing in 
staff dsvslopmsnt, such as Madslins Huntsr (1984), promote 
modeling as an integral part of all lesson design. 

The use of modeling originated Hith the work of Bandura 
<1969). He defined modeling as a process of learning through 
observing and imitating others. His theory focused on methods of 
modifying social behaviors based on cognitive processes. Modeling 
was used to provide rules that observers could use to guide their 
own performance. 

For example, a modeling teaching strategy has been used to 
teach inference skills to students who demonstrate poor reading 
comprehension (Gordon, 1985). Inference is a process that is 
considered very important in reading comprehension as well as in 
science problem solving. Using this strategy, the teacher first 
defines the inference process for students. Then the teacher 
answers inferential questions about a segment of text while 
providing reasons for these answers. In the next phase of the 
procedure the teacher again answers inferential questions about a 
segment ot text out this time asking tne students to provide 
reasons to support the teacher s answers. Finally, the students 
are asked to make their own interences and supply their rep^ons 
aloud. Only after the inference making skill is in place are 
students asked to practice tnis skiii on their own by answering 
the questions provided by the reading curriculum . 

Modeling of arithmetic s»«ilis has also been found to be more 
effective than didactic instruction (Schunk, 1981). In addition, 
the writing process has Deen taught using modeled instruction. 



TMCh«rs «r« •ncouraged to think aloud about th»ir own writing 
^i^ortm and th«n to model the processes they used in their own 
writing in order to improve student writing (Hams, 1983). 

Since many o-f the process skills being addressed in reading, 
math and writing are related to science process skills, one would 
expect modeling strategies to be ef-fective in science instruction 
as well. However, very littie research has been done on the use 
of modeling to promote science process skill achievement. Sumners 
(1979) reported the successful use o+ a science fiction novelette 
to model science process skillc. Allison and Shigley (1986) have 
shown that the percentage of operational questions asked by 
students was increased by teacher modeling followed by student 
practice. No studies have been found whicn have attempted to 
increase integrated science process skills in students through 
systematic teacher modeling. 

The systematic modeling teaching strategy examined in this 
study was based on a strategy Jeveloped by CrAmer (1977) and 
studied by Spencer u986>. This strategy was develooed to promote 
the inference forming skills necessary for reading comprehension. 
It consists of four steps; Analogy, Modeling, Applying and 
Practice. Through these steps, the teacher, by thinking aloud, 
leads the student gradually through the cognitive orocesses 
requi red for successful i nf erence f or mat i on. 

Since a relationship between formal reasoning abilities and 
science process skiix achievement nas been demonstrated (Tobin & 
Capie, 1982; Padilla, Qkey it Oiliashaw, 1983> , it has been 
proposed that teaching process skills may enhance formal thinking 



cViSiiitiM. In a study using college studsnts, Jon«s (1983) found 
that teaching basic and integrated process skills did result in an 
increase m logical reasoning abilities. Many process C'-iented 
science curricula are based on the assumption that this causal 
relationship is also true with middle school and high school 
science students. If teacher modeling can increase student 
process skill achievement, formal reasoning abilities may also 
demonstrate a corresponding increase. 

Purpose 

The purpose of this study was to determine if a system^itic 
modeling instructional approach affects the achievement of 
integrated science process skills and/or formal reasoning ability 
of middle school science students. Specifically, the following 
four research quest i ons were addressed: 

1. Do students who have receiveo modeled instruction of 
integrated science process skills demonstrate any significant 
difference in their achievement of these process slvilis when 
compared with students in control groups'? 

2. Oo students' cognitive developmental leve;.=> 
affect integrated process skill achievement^ 

3. Will students wno are at a concrete devel opnr.^ntal level 
manifest different achievement of science process skills with 
mooeled instruction tnan will students who are at a formal 
operational 1 evel of cogni ti ve devel opment? 

4. Do students who have received modeled instruction of 
integrated science process skills dc.nonstrate significant 



dif -fersncr^s in th»ir logical reasoning abilities when compared 
Nith students in control groups? 



Samole 

The sample in this study consisted o-f 327 sixth through ninth 
grade students in a large urban school system whose teachers were 
enrolled in a university inservice education course which 
emphasized the teaching of science process skills. Students in 
this study can be characterized as having a low socio-economic 
status (SES) and also exhibit lower than average basic skill 
abi i 1 ties. 

although these students were grouped into pre-exist: ng 
sections, the sections and teachers were randomly assigned to 
treatment groups. 



Prorudures 

The treatment in this study consisted of two phases. Durinq 
the first phase, a group oi urban middle school teachers were 
instructed in the science process skills and taught to use a 
specific strategy when teaching these skills to their students. 
In the second phase, tnese inserviced teachers evaluated and 
taught basic and integrated science process sl^ills to their 
students using thei r assi gnea strategy. 

Thirteen middle school science teachers from the Detroit 
Public bcnooi system completed an inservice course at Wayne State 
University wnich consisted of ten, three hour sessions. These 
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sMsions Hmrm h«ld b«twMn January and March « 1988 and w«r« 
designed to train t»ach«rs in both basic and intsg^^ted science 
process skills. A series of process skill lessons (Norman, 1988) 
along with the book Learning Science Process Skills (Funk & OkeVt 
19/9) Here used tor this training. 

Half of these teachers were trained to use a systematic 
modeling strategy and rhe remaining teachers were trained to use a 
well established control methodology, the learning cycle. Three 
additional teachers, from the same Detroit schools, who had not 
received the university training, participated in this study. 

The systematic modeling experimental treatment used in this 
study was ^dapted from the four level Inference Demonstration 
Procedure developed by Cramer (1977>. This procedure was used to 
increase inferential reading comprehension (Spencer, 1986). This 
modeling technique consisted of the following parts: 
Part 1^ QoQceet and Process 3ki_l_l Introduction 

The instructor introduced the student activity and the 
necessary process* skills. nn effort was made to help students 
relate this activity and the required processes 

to previous student e.<periences. Examples from common everyday 
experiences were used to help make this transfer. 
E§r5 2i Instructor riodel i ng 

The teacher performed a demonstration which required the use 
of the science p<^ocess skill being adaressed. The teacher 
answered a series of questions about the demonstration while 
•modeling the use of this process skill. Thinking aloud, the 
teacher presented reasons to support all answers given. 



Part 3l lDl$CiiSi9C Oo^fliDg *Dd Student RfseoQ?! 

Th« tMCh«r r«p«ated th« procedure dMcribcd in Part 2, using 
a stfcond demonstration and questioning sequence. As the teacher 
was answering the suggested questions, he/sh« solicited reasons to 
support the answers from the students. 
t'acS 4i Student Ingepengent Practice 

Students practiced tne skill in question oy per-forming the 
student activity and answering the questions provided. Students 
worked with partners and were encouraged to think aloud about the 
reasons for their answers. During this part o-f the procedure, the 
teacher moved around the room monitoring the student responses, 
adjusting instruction where necessary. After completing the 
activity, the students shared their answers and their reasons 
for supporting thrse answers with other members of the class. 

The learning cvcle strategy, used by the teachers who 
instructed the control treatment group of students, was a well 
established inductive approach (Karplus & Fhier, 1967; Renner , 
Abraham Birnie, 1983), This teacninq strategy divided 
instruction into tne following three phases: 
ii- 5§t her i_ng Data Pb§se 

Sti^dents performed an activity designed to introdcce and 
develop a process skili.cP 

QQQcegtuai invention Phase 

Teacher and cla?s discussed the activitv students had 
completec and through tnis discussion further developed the 
process ski 11 being addressed. 
5i i^9D^eBt E>JBansion Phase ^ 
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students p«rform»d additional activi\:ics to further 
d«v«lop thm procMS skill. 

In this Isarning cycle approach, the process skill being 
addressed was not ^odexed initially. The teacher merely 
announced the skill to be used and students then explored and 
experienced the science process in a problem solving context. 
After completing an independent activity, students, with teacher 
guidance, reflected on what had been done. The students then 
applied the skill to a new situation. 

Teachers used their assigned strategies to teach their 
students a series of fifteen process skill lessons during a three 
montn time interval. Students in both the modeling and learning 
cycle groups were introduced to the same science process skills. 
These processes were taught using student activities and 
discussion. Teachers were required to teach one lesson on each 
basic science process skill to their students. These were 
selected from activities presented ir. the university class **nd 
from ones developed by the teachers. In addition, each teacher 
taught ten integrated process skill lessons. Five of these 
iessnns were adapted from the generic ones used in the university 
class and the other five, written by the teacher, had been 
evaluated and correctea during those class sessions. 

Tearhers administered an integrated process s^ill achie*vement 
test and a formal reasoning test to their students before and 
atter process skill instruction. 

H third, non-equivalent control qroup of three teachers was 
selected from the lame Detroit middle schools. These teachers 



adfninimt»r»d th« prf^tast and oostlMt to onm of their mci«nc« 
clas«0S. Th«s« t«ach«rs received no special training and taught 
their regular science curriculum. 



The two tests selected to evaluate students and teachers who 
participated in this study were the Middle Grades Integrated 
Process Skill Test (Cronin & Padilla, 1986) and the Group 
Assessment of Logical Thinking (Roadrangka, Yeany <c Partilla, 
1983). Both were used for pretesting and posttesting subjects. 



This test was designed to measure a student's ability 
to use integrated science process skills by using a paper and 
pencil, group testing format. The objectives addressed in rhis 
test include identifying researchable questions, formulating 
hypotheses, identifying variables^ designing an experiment, 
recording data ana interpreting data. Objectives and test items 
used in uillashaw and Qkey ' s Test of the Integrated Science 
Process brills O980) were selected and modified by Cronin and 
Padilla (19B6> for middle school use. This revised test did not 
require specific consent fnowledge or well dsveloped reading 
ski lis. 

Content vaJ rditv was established by Diilishaw and Okey (1980) 
for the items used in this test by giving a panel of experts in 
science education a copy of the test items and a list of the 
outcomes. The panel was asked to identity which test items 
corresponded to which outcomes. The panel also completed the 
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itmmm in ardmr to verify thm scoring kmy. Experts mqrmmd Nith 
d»v»lop*rm on thm 'immignflHtnt of tmm' it»mm to obj»ctiv»s 95X o-f 
th« txm». Th«v agreed with the scoring of th« items 97/. of the 
ti<»e. This concurrence was ta«<en as evidence of test item 
validity. 

The overall reliability was established by Crorin and Padilla 
(1986) with a Kuder-Richardsoh value of 0.89. The field test used 
consisted of 1152 seventh grade students. 

GrguQ Assessment of Logical Ihinking iSALT)_ 

This test was designed to measure concrete and formal 
operational reasoning. (Roadrangka et al . , 1983) It evaluated the 
student's ability to use conservational thinking, proportional 
--easoning, probabal i st i c reasoning, correlational reasoning, 
combinatorial reasoning a.id to isolate and control variables. The 
determination of the developmental levels of learners using 
individually administered Piagetian Tasks requires a specially 
trained interviewer and is extremely time consuming. In order to 
evaluate the cognitive level of a large sample of students, before 
and after administration of the treatment, a oencil and paper 
group test was selected. The test contained pictorial 
representations of real objects. The questions were presented in 
multiple choice format. The students not only had to select an 
answer Out also had to ?>elect the reason or justification for 
mak ing their selecti on. 

Convergent validity was established bv Roadrangka and others 
by comparing the results of this group test with results obtained 
from the same individuals using Piagetian interview tasks. A 



correlation of 0.80 Has obtained betMeen th« classification of an 
individual through th* us* of SALT and by using the interview 
results. Construct validity Mas argued for on the b/isis of a 
single factor solution of correlated sub-tests and the ibility to 
predict process *kill achievement on the Test of Integrated 
Process Skills (OiUasnaw Okey, 1960) 

Reliability was established by Roadrangkii and associates by 
calculating internal consistency values. An adequate Cronbach's 
alpha value of 0.85 was obtained. 

Statistical Analysis 
Data analysis was accomplished by employing a 3x2 factorial 
analysis of covarianc^ on the student measure of integrated 
science process skills. The MIPT posttest results, adjusted for 
pretest scores, were evaluated with respect to both teaching 
strategy and initial student cognitive reasoning level. The 
systematic modeling strategy was compared to both the learning 
cycle control strategy and to a traditional control strategy. For 
tne analysis, students were divided into concrete and above 
concrete reasoning levels, according to their GALT pretest 
scores. 

In addition, the bALT posttest results, adjusted for initial 
cognitive reasoning aoiiity, were compared for che three groups of 
students who experienced different teaching strategies. Once 
again, analysis of covariance was used. 
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Results 

Class iMans and th«ir corrssponding standard deviations for 
the lilFT can be found in Table 1. Table 2 reports the means, 
standard deviations and adjusted means for the separate cells of 
the ANCOVA performed on the student MIPT results. The ANCOVA F 
value obtained (89.3) Nith 2 and 320 degrees of freedom for the 
first mam effect, integrated process skill ability betneen 
strategy groups, was significant at the 0.05 level (see Table 3). 
Results obtained from the Bartlett-Box F test were not significant 
at the 0,05 level and thus supported the assumption o^ homogerieity 
of variance associated with this method of analysis. 

In order to determine which groups accounted for the 
difference found in the ANCQVA, a posteriori comparisons were 
made. The Scheffe' method of multiple comparisons was used to 
analyze paired contrasts isee Table 4). Once again, an alpha 
level of 0.05 was used to test for statistical significance. 
These comparisons showed a significant difference between the non- 
equivalent comparison group and both of the groups taught by 
teachers who were trained in the process skill inservice program. 
There is also a significant difference on the adjusted mean scores 
of the systematic modeling treatment group and the learning cvclf», 
control group. 

Upon exami ni nation of the adjusted means of each group (see 
Table 3), it can be noted that the means of both groups taught by 
inserviced teach4?rs were higher than the mean of the non- 
equivalent comparison group. The systematic modeling group also 
produced a higher mean score on the rllPT than did the control 



group using tho Ivarning cycl« strategy. 

ThOM rMultm suggest that ths systsmatic modsling tsaching 
strategy mas significantly superior to both thm learning cycle 
control strategy and the traditional cdhtrol strategy with regard 
to integrated science process skill achievement. The results also 
indicate that students whose teachers had received special 
university inservice training demonstrateid signi^f icartly higher 
integrated process skill achievement than did students whose 
^eachers had ..ot received special process skill and strategy 
training. 

An F value of 84.1 was obtained -for the second main effect, 
integrated process skill ability with respect to cognitive levels, 
and was found also be significant at the 0.05 level. The adjusted 
mean obtained for the above concrete' group was higher than that 
obtained for the concrete group (see Table 6). These results 
imply that concrete operational students were less able to achieve 
integrated science prrcess skills than were students at a higher 
cognitive reasoning r .^1^ 

The F value ort^-l/.^d i or the interaction term of the ANCOVA, 
which cests the ^ of teaching strategy and cognitive level 

on integrated process skill ability, (see Table 3) was not 
significant at the 0.05 level. This suggests that students at a 
concrete operational level did not appear to benefit more from the 
systematic modeling teaching strategy than did students at a 
higher cognitive level. 
* Class means and their corresponding standard deviations for 

the The Group As^^ssmer . oi- Logical Thinking (Roadrangka, et al., 

i± ' 16 



1963) mrm found in Tablfi 7. Tabl* 8 prM»nts thm ANCOVA analysis 
of thss» rssults with r»spsct to ths thrs« stratsgy traatmsnt 
groups. Csll sizs, msans, standard deviations and 
adjustsd msans ars roported in Table 9. Ths means on this 
instrument Mere extremely low, and as a result, small actual raw 
score differences resulted in large standard deviations. 

The ANCOVA F value obtained (77.9) with 2 and 323 degrees of 
freedom, when comparing formal reasoning ability between strategy 
groups, was significant at the 0.05 level. In order to determine 
which groups account for this difference, a posteriori comparisons 
were made. The Scheffe method of multiple comparisons was used 
to analyze paired contrasts (see Table 10). Or«^«. again, an alpha 
level of 0.05 was used to test for statistical significance. 
These contrasts showed a significant difference between the 
treatment group and the learning cycle control group. There was 
also a significant difference between the learning cycle, control 
group and the non-equivalent, control group. No significant 
difference was obtained between the systematic modeling treatment 
group and the non-equi valent control group. The learning cycle 
control group had the highest adjusted mean of the three groups 
for the formal reasoning measure. The other two groups recorded 
the same adjusted mean values (see Table 9). 

It should be noted that results obtained from the Bartlett- 
Box F test were significant at the 0.05 level and, therefore, the 
assumption af homogeneity of variance was violated. There are 
varied opinions on how failure to meet this assumption would 
effect the robustness of this analysis (Glass, 1972). 



RMUlts obtained through thi« analysis of «tud«nt formal 
r«asoning abiUty with respect to teaching strategy suggests that 
students who received systematic modeled instruction of integrated 
science process skills did not demonstrate greater growth in 
cognitive reasoning aDility than did students who had received the 
control treatments. 

Discussion and Implications 
The results obtained m this study largely support the 
Cramer paradigm (1977) on the importance of teacher modeling 
during process skill instruction. Students who experienced the 
systematic modeling teaching methodology demonstrated greater 
mtegrateri science process skill achievement than those who 
eKf^rienced the control teaching strategies, learning cycle or 
traditional. This would imp.y that students can better develop 
process skills when given the opportunity to observe and imitate a 
- erson who has mastery of the skill, practice the ckill with the 
expert s guidance and "finally practice the skill independently. 

The learning cycle control treatment also resulted m 
integrated process skill achievement superior to that of the non- 
equivalent comparison group. This would indicate that teachers who 
have received scienc* process skill instruction, regardless of the 
strategy used, are better aole to promote process skill 
achievement in their students. Both groups, whose teachers 
participated in the university science process skill mservice, 
demonstrated greater achievement than those students whose 
teachers had not received special training. These results are 



consimtwit Mith prior studiM Mhich ^ound that pr«s«rvic» tMch«rs 
who had parti cipatttd in classes which •mphasiz«d scienca proc«s« 

skills could better promote these skills in their students (Jaus, 
1975: Campbell & Okey, 1977; Bluhm, 1979) • This would imply that 
mastery o*f science process skills is important for successful 
instruction, regardless of whether this mastery is used to model 
the skills for students or to guide their independent discoveries 
toward concept formation. A teacher who can perform a science 
process skill can better help students achieve process skill 
mastery. This mastery cannot be assumed and must be a goal of 
inservice as well as preservice teacher education. 

This study supports previous research by reporting that 
students with higher cognitive reasoning ability can better 
achieve integrated science process skills (Tobin Sc Capie, 1982; 
Padilla, Okey Sc Diliashaw, 1983). This does not imply that 
concrete operational students cannot achieve these skills, but 
rather that they do not do so as well as students who are above 
the concrete operational cognitive level. This would lead one to 
believe tna^ concrete operational students need more attention and 
guidance in order to master the higher level integrated science 
process skills- 
Concrete operational students did not show a greater benef:it 
in integrated science process skill achievement from the modeling 
strategy than did tne students who were at a higher cognitive 
level. Students all seemed to tenefit equally well from this 
metnoijology. Th^ implication is that all types of students can 
improve their skills by observing the actions and listening to the 



rMSoning of an Mpmrt. Formal operational «tad«nt«, hoM«v«r, can 
achi«v« thM* skills mors sasily than can concrsts operational 
students, regardless of the strategy used. 

This study failed to (demonstrate that a systematic fflodeii:ig 
teaching strategy can promote cognitive reasoning ability. The 
mean scores for students on the GALT were extremely low. The 
instrument used to evaluate cognitive reasoning ability may have 
been too difficult for the student sample in this study. Although 
the learning cycle group did demonstrate significantly greater 
ability at the end of the study, it should be noted that this 
group also had a higher mean score on tne pretest. Even though 
the analysis adjusted for initial ability, a student at a higher 
cognitive level may be better prepared for cognitive growth than 
IS a student with lower reasoning ability. 

These results might also suggest that the learning cycle 
strategy is superior for promoting formal reasoning ability. 
Prior studies have reported that the learning cycle strategy can 
promote student intellectual growth (Schneider «c Renner, 1980; 
Purser 4< nenner, 1983). This would be consistent with the fact 
that this strategy's original development was based on Piaget's 
theory of cognitive development <Karplus, 1977). 

Before definite conclusions and implications can be drawn* a 
more sensitive instrument would have to be used as a measure of 
cognitive ability. An effort must also be made to insure more 
equality between the subject groups according to initial cognitive 
reasoning ability. The necessity of having to u^e intact classes 
of teachers who completed the university inservice, made it 
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iffipo«sibl« to g«t a truly random group assignmsit. 

^idditional quMtions exist about th« internal validity of 
this study which should be examined. There was a large teacher 
and student sample mortality, and one must question whether this 
affected the outcome of the study. It was also difficult to be 
certain that teachers used their assigned strategies during all of 
the lessons. The Sc^me problems, however, existed for both of the 
treatment groups and were not systematic in nature. 

In summary, it appears that if science process skill 
achievement is to be supported as a major goal in science 
education, teachers must first be trained in the process skills 
Then they should be trained to use an effective teaching strategy. 
The systematic modeling and learning cycle control treatments were 
more effective than the traditional methodologies used by the non- 
equivalent comparison teachers who had not participated in the 
university inservice. In order to improve student process skill 
achievements however, teachers should be trained to think aloud or 
use metacognition while modeling integrated science process skills 
for their students during their science lessons. Students should 
be given the opportunity to participate in the reasoning process, 
bv im7tating their teacners metacogn^ t i ve processes. Only when 
students have demonstrated masterv of the skill themselves, should 
they be encouraged to practice the skill independently or in small 
groups. 

Students at a concrete operational level find these skills 
more difficult to master ano, therefore, tney may need longer 
periods of modeled instruction, followed by more opportunities for 



imitation, b«for« th«y bsgin ind«p«ndent practice. Formal 
operational students, grouped with these concrete individuals, 
could also act as models and help guide their reasoning processes 
during science activities. This type of heterogeneous grouping 
might give concrete operational students the inc^ased 
opportunities they need to watch and imitate exemplary modeling of 
integrated science process skills. 

Suggestions for Further Research 
The significant results obtained, along with the threats to 
the internal validity of this study, suggest that one could 
benefit from repeating this study with certain modifications. 
First of all, the instrument used to measure cognitive ability 
must be altered to better evaluate populations of students who 
have extremely low cognitive reasoning skills. In addition, 
teachers should spend more time practicing their assigned 
strategy. Teachers in this study found it difficult to 
consistently implement a new and different teaching methodology. 

When repeating this study, one should attempt to increase the 
treatment time beyond the three months used in this study. A 
longer exposure to modeled instruction of integrated science 
process skills may result in the imprc^ed cognitive reasoning 
ability this study was unable to demonstrate. 

The importance ot mastery of basic science process skills for 
the successful achievement of integrated skills should also be 
investigated. Researchers might instruct teachers to actempt to 
achieve mastery of the basic skills through systematic modeling 



b»for« attMpting to modsl thm aiorm co«iipl»K int»grat«d skills. 

Further rssssrch could also attsmpt to d«tsrmins which 
process skill abilities respond best to modeled instruction. 
Certain skills, such as controlling variables, could be targeted 
for in depth instruction and evaluation. 

Finally, since teachers who participated in the process skill 
inservice were better able to promote process skill achievement in 
their students, one could also determine whether there is a 
relationship between teacher mastery of specific process skills 
and subsequent student achievement of these skills. 
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Table 1 

Class Means and standard Deviations for the Middle c^r^ ^es 
I ntegrated Process Skills Test (MIPT) 



Teacher 



n 



Pretest^ 



mean 



s .d. 



Posttest^ 



mean 



s .d. 



Modeling 
















3 


14 


9 


.6 


2 


.7 


12.0 


3.7 


6 


20 


10 


.0 


2 


.4 


13.8 


1.4 


8 


8 


10 


.4 


5 


.7 


10.5 


4.8 


9 


21 


10 


.8 


2 


.2 


11.3 


3.6 


10 


15 


8 


.3 


3 


.2 


7.5 


3.2 


11 

Control 


15 


13 


.8 


4 


.0 


18.2 


4.9 


13 


29 


15 


.0 


4, 


.0 


14.7 


4.2 


14 


23 


18 


.2 


4, 


,0 


22.0 


3.2 


16 


26 


14 


.8 


5, 


,2 


15.7 


4.8 


20 


2 1 


15 


. 6 


4 , 


. 6 


17 . 2 


4 . 4 


22 


12 


9 


.3 


1, 


,7 


8.8 


3.0 


23 


24 


8, 


.0 


3. 


,4 


10. 7 


3.9 


25 

Control 11*^ 


18 


9, 


.7 


3. 


,3 


10.4 


3.1 


A 


11 


6 , 


,5 


2. 


9 


11.7 


3.9 


B 


27 


12 , 


.3 


3. 


4 


6.8 


2.3 


C 


28 


12 , 


,3 


4. 


5 


10. 7 


4.7 


Total 


327 


12 , 


,2 


4. 


8 


13.4 


5.4 



Teacher numbers refer to those in Tables 1 & 2 
Learning Cycle Treatment Group 
\on-equivalent Comparison Group 
Total test items - 28 
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Table 2 

rell Maana. Standar d Deviations and Adjusted Means for Two 
Way AHCQVA of Teaching Stra tegy by Cognitive Level with 
Respect to Integrated Prc --"^ s Skill Ability 



Cell^ 


n 


Pi- 


•est 


Posttest 


Adjusted 


Number 




Mean 


s .d. 


Mean 


s .d. 


Mean^ 


1 


99 


10.7 


3.8 


12.7 


4.9 


14.5 


2 


9 


13.2 


3.8 


18.3 


5.4 


18.1 


3 


121 


12.6 


5.1 


14.0 


5.4 


14.3 


4 


32 


16.4 


4.9 


17.3 


5.5 


14.6 


5 


61 


11.1 


4.3 


10.2 


4.1 


11.6 


6 


5 


13.8 


5.7 


14.0 


5.2 


13.4 


Total 


327 


12.2 


4.8 


13.3 


5.5 





Adjusted for pretest scores 
Key for cell numbers: 

Teaching Strategy 



Modeling Control I Control n 



Concrete 

Cognitive 
Level 



Above 
Concrete 



1 


3 


5 


2 


4 


6 



Table 3 

TwQ-Wav ANCOVA of Teaching Strategy by Cognitive Level with 
Raapect to Integrated Process Skill Ability 



Source 


ss 


df 


ms 


F 


Among Strategies 


178.5 


2 


89.3 


6.51* 


Between Cognitive 
Levels 


84.1 


1 


84. 1 


6.13* 


Interaction 

Strategy x Level 


74 .7 


2 


37.4 


2.73 


Error 


4386.3 


320 


13.7 





p< 0.05 



Table 4 

Scheffe' Comparisons Between Teaching Strategies with 
Respect to Adjusted Mean Scores on the MIPT 



Comparison^ Computed Table 

Value Value 



1 


vs 




1.9* 


1 


. 15 


1 


vs 


3 


3.8* 


1 


.43 


2 


vs 


3 


i.9* 


1 


.34 



p< 0.05 



Strategy 1: Modeling 

Strategy 2: Control I (Learning Cycle) 

Strategy 3: Control II (Non-equivalent comparison) 



<: »rjitiaav Group Means. Stand ard Deviations and AcHusted Means 
Middle Grad«fs integr ated Process Skill Test fMIPT^ 



Group n pretext posttest adj. 

mean s.d. mean s.d. mean' 



Modeling 


108 


10. 


9 


3.8 


13.1 


5.2 


16.3 


Co. trol 


153 


13. 


4 


5.3 


14.7 


5.6 


14.4 


Control 11^ 


66 


11. 


3 


4.4 


10.4 


4.3 


12.5 



Total 327 12.2 4.8 13.4 5.5 

Adjusted for pretest scores 
Learning Cycle 
Non-equivalent comparison 




|,;^ y t ral Th inking (GPiLT) 



Teacher* 


n 


Pretest 
mean 


c 

s .d. 


Posttest^ 
mean s.d. 


Modeling 












3 


14 


1.9 


1.1 


1.8 


0 . 7 


6 


20 


2.0 


1.4 


1.8 


1 . 2 


8 


8 


1.4 


1.0 


2.0 


1 . 4 


9 


21 


0.8 


1.0 


2.3 


2 . 4 


10 


15 


1.8 


1.3 


1.0 


0 . 8 


11 


30 


2.8 


2.0 


2.7 


1.4 














13 


29 


4 . 2 


J . 3 


5.0 


4 . 1 


14 


23 


4.0 


2.2 


5.0 


2 . 0 


16 


26 


2.3 


1.6 


3.9 


2.0 


20 


21 


3.8 


1.4 


7.5 


2.0 


22 


12 


2 . 3 


1 . 4 


1.7 


1.2 


23 


24 


1.5 


1.0 


2.4 


1.7 




18 


2.6 


1.5 


2.3 


1.4 


Control 11^ 












A 


11 


1.2 


1.2 


1.3 


1 . 1 


B 


27 


1.7 


1.7 


1.6 


1.4 


C 


28 


2.6 


1.4 


2.8 


2.2 


Total 


327 


25 


2.0 


3.0 


2.6 



Teacher numbers refer to those m Tables 1 & 
^ Learning Cycle Treatment Group 
^ Non-equivalent Comparison Group 
^- Total test items - 1*' 
Scale 

0-4: Concrete Operational Level 

5-7: Transitional Level 

8-12: Formal Operational Level 



ERIC 



28 



TablG 7 . . J 

rLnif iva LfY I ^I r.rnup M« >^n« , gf ;>ndarH nevxatiQns an4 



Group 



ERIC 



pretest 
mean s.d. 



posttest adj 
mean s.d. mean 



Concrete 281 


11.6 4.6 


12.7 


5.2 13.5 


Above 
Concrete 46 


15.5 4.9 


17. 1 


5.5 15.4 


Total 327 
^ Adjusted for pretest scores 


12.2 4.8 


13.3 


5.4 


Table 8 

r\^^^h3^^r ^MrnvA of Teac 


hina Strateav 


with Resp*^ct to Formal 


ReasDninq Ability 


Source 


ss 


df 


ms F 


Among Strategies 


155.9 


2 77.9 18.8* 


Error 


1341.7 323 


4.2 


p< 0.05 








lr..r.n. r,rouo Means. Standard Oeviations and Ad justed Means 
fr.^ r.rnnn Assessment of T.oaical ThinKinq Tesi: i^ALlj 


Group n 


pretest 
mean s.d 


posttest ^^^-^ 
mean s.d. mean 


Modeling 108 


].8 1.6 


2.0 


1.6 2.3 


Control 153 


3.0 2.3 


4 . 1 


3.0 3.7 


Control 11^ 66 


2.0 1.7 


2.0 


1 .« ^ .3 



Total 327 
^ Adjusted for pretesi >core^ 
^ Learning Cycle 
^ Non-equivaleni comparison 



2.5 2.0 



29 



3.0 



2.6 
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